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RESULTS OF HEAT TRANSFER TESTS OF A. - 
0.0175-SCALE SPACE SHUTTLE VEHICLE 5 MODEL (60-0TS) 
IN THE NASA-AMES RESEARCH CENTER 
3.5-FOOT HYPERSONIC WIND TUNNEL (TEST IH48) 
by 
William H. Dye, Rockwell International Space Divison 
William K. Lockman, NASA-Ames Research Center 
ABSTRACT 


Presented in this report are heat transfer data for a .0175-scale 
model of tha Rockwell International Space Shustle Vehicle 5. The primary 
purpose of these tests was to obtain aerodynamic interference heating data 
on the external tank in the tank alone, second-, and first-stage configura- 
tions. Data were also obtained on thé Orbiter and solid rocket boosters. 

The tests were conducted at the NASA-Ames Research Center 3.5-Foot 
Hypersonic Wind Tunnel. Nominal Mach Nos. of 5.2 and 5.3 at nominal free- 


stream unit Reynolds numbers of 1.5 and 5.0 million per foot, respectively, 


were investigated. 
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INTRODUCTION 


Wind tunnel tests of the 60-O0TS 0.0175-scale thineskin thermucouple 
model of the Rockwell International Space Shuttle Vehicle §& were conducted 
in the NASA-Ames Research Center 3,5-ft hypersonic wind tunnel. The tests 
were conducted from April 21 through May 8, 1975. 

The primary purpose of these tests was to obtain aerodynamic inter- 
ference heating data on the external tank. Data were obtained for the 
integrated vehicle (OTS), Orbiter plus tank (OT), and tank alone configu- 
rations at Mach numbers of 5.2 and 5.3 for Reynolds numbers of 1.5 x 10°/ 
ft and 5.0 x 10°/Ft, respectively. 

Boundary-layer transition devices were used for the majority of the 
tests to induce a turbulent boundary layer on all configurations tested. 

The integrated vehicle was tested through an angle of attack range 
of -5° to +10° and sideslip angles of 0° and -5° (nose right). The ex- 
ternal tank (in OTS configuration) was tested with the "nipple" nose and 
all protuberences (lines, conduits, attach struts, etc.). One data set 
was obtained with the external tank interstage (intertank) unit added. 

Orbiter plus tank (OT) configuration was tested through an angle of 
attack range of -5° to +5° and sideslip angles of 0° and -5°. The ex- 
ternal tank (OT configuration) was tested with nipple nose and protuber- 
ances. 

The external tank alone configuration was tested with no protuber- 
ances (clean) with both the nipple nose (ET-N) and the ogive nose (ET-O). 


The angle uf attack ranged from -10° to +10°. Sideslip angle was not 





varied and ramained at 0°, The ET-N was-tested with no trips whereas the 
ET-0 was tested both with and without trips. 
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CHAN 
HAW 


HT 


HW 


HREF 


H/HREF 


HI/HU 


Length 
MACH 


PT 


NOMENCLATURE. 


a> 


on 
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Defiri 


thickness of model skin 





span length 
specific heat of mode? skin material or OMS crease 
chord length 


specific heat of air stream (perfect gas value) 


recording-system channel 


adiabatic wall enthalpy 
free-stream total enthalpy 


enthalpy based on model wall temperature for given 
T/C location at initial time 


heat-transfer coefficient at model wall for given 
T/C location 


stagnation-point heat-transfer coefficient for 
reference sphere 


ratio of model heat-transfer coefficient to heat- 
transfer coefficient of reference sphere for Haw! Ne? 
X.XXX 


interference-to-undisturbed heat-transfer coefficient 
ratio 


inner mold line 
model reference length 


free-stream Mach number 


free-stream total pressure 
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NOMENC.ATURE (Continued) 


Plot 
Symbol Symbo1, Definition 


ne ce 


o a4 Q heat-transfer rate at model wall for given T/C 
. location at initial time 


Qs QS or QREF stagnation-point heat-transfer rate for 
reference sphere at initial time 


QDOT heat-transfer rate at model wall for given 
T/C location 


Re RS reference sphere radius at model scale equivalent 
to 0.305 m (1 ft) for full-scale vehicle 


| 
eT ee ee I ra ee ee Teen Ee eee Fe 2 ee oe 
7 > . elem 7 +. 
"= .- ” 
Oe 


Re, / ft RN/L free-stream Reynolds number per foot 


Re»ok REL free-stream Reynolds number based on ww. -7 
reference length, L 


2 ee 
7’ we 
7 
ae : .-_ * 


S assumed chordwise location (for Clusters B and C) - 
see Figure 2 


ST STN NO star‘on number based on free-stream flow | 
conditions and the model heat-transfer coefficient 
for Haw/He = X.XXX | 


T temperature 
Tt TT free-stream total temperature 
Tws TW model wall temperature for given T/C location 
at initial time 
npr ae TC NO thermocouple 
t time ! 
tj TIME initial time (before model insertion into flow) 


extrapolated from f(Ty) vs time 


u,V velocity 
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NOMENCLATURE (Continued) 





- Plot 
Symbol Symbol Definition 
W density of model skin material 
“: X axial distance measured from nose 
- Ko Oribter longitudinal stations 
$: Xo SRB longitudinal stations 
Xx tank longitudinal stations 
- x/c X/C chordwise location, fraction of local chord 
© x/2 X/L longitudinal location, fraction of body length 
7 Y spanwise distance from centerline | 
: 5 Orbiter lateral stations | 
; 
‘ SRB lateral stations | 
Y. tank lateral stations | 
2Y/8 Spanwise location, fraction of semi-span | 
Z water plane distance | | 
| 
Ly Orbiter vertical stations 3 
Zs SRB vertical stations | 
Ly tank vertical stations | 
Z/B\, spanwise location on vertical tail, fraction } 
Of exposed span | 
0 THETA tank radial position measured clockwise looking 
forward, 0 degrees at bottom centerline 
O ALPHA angle of attack, degrees 
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symbol 


~6- DoD Fr BD 


PG 


<=- + or wm 





Plot 
symbo | 


BETA 


RHO 
PHI 


PSI 


PINF 
VINF 
T INF 


Definition 


Subscripts 


NOMENCLATURE (Concluded) 


angle of sideslip, degrees 
viscosity of air 
density of air 





Orbiter radial position measured clockwise looking 
forward. 0 degrees at bottom centerline 


SRB radial position measured clockwise looking 
forward. 0 degrees at bottom centerline 


frée-stream pressure 
free-stream velocity 


free-stream temperature 


adiabatic wal] 


initial value before model insertion 
into tunnel flow 


Orbiter 


perfect gas (calorically and 
thermally perfect gas) 


reference sphere 
SRB | 
free-stream total condition | 
tank 

vertical tail 

wal} 


free-stream 
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CONFIGURATIONS INVESTIGATED 


The 60 OTS is a 0.0175-scale, thin-skin thermocouple model of the 
Rockwell International Space Shuttle Vehicle 5 (VL72-000002C; see Fig. 2 
(a)). The model is constructed from 17-4 PH stainless steel. The nominal 
skin thickness fs 0.030 inches at the thermocouple instrumentation areas. 
The external tank and solid rocket boosters are complete with conduits, 
plumbing lines, attach hardware, etc. Figures 2(b) and 2(c) define the 
protuberance locations. 

The external tank may ba tested with or without protuberances (in- 
cluding a stainless steel wrap around interstage unit). The ET may 
aiso be tested with either a nipple nose or ogivé nose. 

The models were tested with and without boundary layer transition 
devices. The "trips" consist of 0.020- or 0.015-inch diameter stainless 
steel balls spot welded to .005-inch thick by .25-inch wide stainless 
steel strips. The balls are separated by 4 ball diameters (centerline to 
centerline). The trips are form fitted to the Orbiter, ET, and SRB at 
constant X stations. Trip ball sizes and locations for each configuration 
tested are outlined in Table VIII. 


The configurations tested are described bélow: 





Collation Plots Description 
Sheets 
OTS OTS/NIPPLE/P/TRIP Integrated vehicle with nipple- 


nose tank, tank and SRB plumbing 
lines (P), and trip rings on 
Orbiter, tank, and SRB's; Beo C 


E l2 


52 10 M6 Rig “116 Yg Soe Tap 





ee TI, SEEM Te nL re Se SS ee as 





a a Ra ee re ee 


CONFIGURATIONS INVESTIGATED (Continued) 





Collation Plots Description 

Sheets _ 

OTS OTS/NIPPLE/P/TRIP (O+S) ‘ntegrated vehicle with nipple nose 
(0+S) tank, tank and SRB plumbing lines 


(P), and trip rings on Orbiter and 
SRB (none on tank); Bea Cyo Eso Fig 


Mi6 Rie Wi16 V8 S22 730 


OTS-I OTS/NIPPLE/P/TRIP - INTS Integrated vehicle with nipple nose 
tank, tank and SRB plumbing lines, 
and trip rings plus tank interstage 
unit, B62 C12 E52 Fio M16 R18 W116 
Vg S22 T39 


OT OT/NIPPLE/P/TRIP Orbiter with nipple nose tank, tank 
plumbing, and trips on Orbiter and 
tank, B62 C12 E52 Fio M16 Rig W116 


Vg T30 

ET-N ET/NIPPLE/CLEAN external tank alone, nipple nose, no 
ne trips plumbing (CLEAN); T30 

ET-0 ET/OGIVE/CLEAN external tank alone, ogive nose, no 
no trips plumbing (CLEAN); T28 

ET-0 ET/OGIVE/CLEAN/TRIPS external tank alone, ogive nose no 
trips Een (CLEAN) but with trip ring; 

28 


Detailed dimensional data for the above configurations and components are 


given in Table III. Photographs of the configurations are given in 


Figure 3, 
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CONFIGURATIONS INVESTIGATED (Concluded) 


Dataset identifiers for this test indicate the typé of data found 
within each dataset as follows: 
First character: 
R= h/h eg data 
Bs hy/hy data 


Second & Third character (NB) - unique for test IH-48 (NASA-Ames 
Test 211) 
Fourth character: 


A = Orbiter fuselage 





B = Wing lower surface 
C = SRB : 
ae D = RCS nose (SRB) ) 
E = RCS skirt (SRB) ; 


F = External tank 
: Fifth and Sixth character - identifies the group of runs for that 
es particular dataset (see Table II) 
Example: RNBFO] 


h/hy og data, test IH-48, external tank dataset 01 (runs 6,8-13,7) 


=40F:! 14 
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INSTRUMENTATION 


The 60 OTS model is instrumented with 830 30-gagée, jiron-constantan 
thermocouples (T/C's). For these tests, however, only 600 T/C's were 
monitored; 75 on the Orbiter lower surface, 375 on the external tank, and 
150 on the SRB. All thermocouples are spot welded to 0.030 in. nominal 
skin thickness areas. 

The instrumentation locating system is defined on Figure 1b. Tables 
V through VII list the T/C Nos., locations, and skin thicknesses for the 
Orbiter, tank, and SRB respectively. Figures 2d through 29 illustrate 
the T/C locations. Table IX lists the hookup schedules for the test. 
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TEST FACILITY DESCRIPTION 


The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit, 
blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7, 
and 10 at pressures to 180U psia and temperatures to 3400°R for run times 
to four minutes. The major components of the facility include a gas 
storage system where the test gas js stored at 3000 psi, a storage heater 
filled with aluminum-oxide pebbles capable of heating the test gas to 
3400°R, axisymmetric contoured nozzles with exit diameters of 42 inches 


3 vacuum storage 


for generating the desired Mach number, and a 900,000 ft 
system which operates to pressures of 0.3 psi. The test section itself 
is an open-jet type enclosed within a chamber approximately 12-feet in 
diameter and 40-feet in length, arranged transversely to the flow direc- 
tion. 

A model support system is provided that can pitch models through an 
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about 
a fixed point of rotation om the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37-inches from tunnel 
centerline) until the tunnel test conditions are established after which 
st is inserted. Insertion time is adjustable to as little as 1/2 second 
and models may be inserted at any strut angle. 

A high-speed, analog-to-digital data acquisition system 1s used to 
record test data on magnetic tape. The present system is equipped to mea~ 


sure and record the outputs from 80 transducers in addition to 20 channels 


of tunnel parameters. 
16 








TEST PROCEDURES 


The test facility data acquisition system was limited to recording 75 
thermocouples per run. The OTS configuration required eight runs to ob- 
tain a complete dataset with five runs for ET data, two runs for SRB data, 
and one run for Orbiter lower surface data. The OT configuration required 
six runs since the SRB's were not present. 

Cannon plugs with 15 thermocouples (T/C's) per plug were utilized. A 


five-plug junction (connector) box was constructed to mate the model plugs 





to the facility's 150°F reference box terminal posts. Most model changes 
were simple plug changes between runs. Re-wiring of some plugs were re- 
quired to allow acquisition of tank data in two runs per data set. 

During a typical run, T/C's for each of the 5 operational plugs were 
checked to insure that the model was isothermal and that the T/C's were 
functioning properly. The wind tunnel was started with the model out of 
the air stream. After the desired tunnel conditions were obtained, the 
injection sequence was started. The model was automatically inserted in- 


to the air stream and reached tunnel centerline for approximately 1 second 


ee me 


and was then retracted automatically. Data were recorded from the instant 


injection began until the end of retraction. Shadowgraphs were manually 


taken when the model was on tunnel centerline. (See Fig. 3(1) and 3 (j)). 
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DATA REDUCTION 
All teat data were reduced at the NASA/Ames Research Center uelng the 
data-reduction techniques outlined below. The thermocouple data were 


reduced using the one-dimensional, thin-wall equation: 


dt HOR 
W m® = a AW, = aw. 
Qs Web eh (HL - HY) FAH, Gr i 


which neglects heat-conduction losses. 


Assuming that W and h are constant and 


Cs Ct C, T + Co 1? for Ty ranges experienced in the test, 


the integration of equation (1) for tet, to ¢ and T= as 
4 


to TT. yields the linear equation: 





G 
tT! = T C c, /tT'. T+T 
1 2 aww v tT -T 
f(t) =- infos lela tor | +t. i}]] Cw 7 “w) 
id | (= Ty C aw Caw . 


= 
Q 


"ict op (Em fy) 


aw 


where it ite defined that: 


Thy ei 2 aw Wt 
ee H oT yy) pg 
Pp t Pp 
t « ' t 2 
C ow 2 C. + C, Taw * &2 spe 


# specific heat at adiabatic wall temperature 
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(2) 


(3) 


(4) 


(3) 








The form of Eq (3) fa f(T.) emt + @ where mie the elope and 4 fa 
the intercept for a atraight line if heat-conu. tion errors ate negligible. 
Thus, deviations from a straight line can indicate heat-conduction effecta. 

The slope, m, of f(T) va t from Eq (3) 19 computed by a leaet-squaras, 
straight-line fit over a finite time interval (appvox 1 sec) beginning when 
the model reaches uniform tunnel flow, The value of the heat-tranafer 
coefficient, h, ie then determined from: 

wc! b 


h = — m (6) 
P 


Using this value of h, the hedat-transfer rate is evaluated at the initial 





time, ¢,, when the model ie isothermal at the initial wall enthalpy, 


Ae 


H H 
v aa = 2 an, on wh 


where Hag! Hy is the same value used to evaluate h. The resultant value 


of 4g is independent of the value of H ag/ He used for both tha h and q 


evaluations. 


The reference sphete heating is also evaluated at the dniteal wall 


enthalpy by the method of Fay and Riddell (raf. 2): 
H 


4,sh, Gi =H 


nf 
we = h, H. (1.0 ~ i? (8) 


The model-to-sphere ratio of heat~trangfer coefficients te then 


determined from Eqe. (7) and (8) as 


MK 
= : a 
Be a (Have Mee 
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where a, da conntant for all values of HL /H, 


To determine h/h, for various valuce of Hayes the particular value of 
Hoy/ He de substituted into Eq. (9). 
The Stanton number e defined ae 
“i 


Ste a 2 pa, A) (10) 
where for free=~stream condit.sona, puep, Vi, - 

The calculations of the model heating, referance sphere heating, and 
Reynolds number included the corrections of NACA report 1135 (ref. 3) for 
calorically imperfect, thermally perfect air. Keyes’ equation for viscosity 
(see ref. 4) was also used for the sphere heating and Reynolds number 
computationa, 


_ 0.0232 x 107° 1°" 


u 
1 + 220 x 1077!" 


(11) 


where the unite for T andy are °R and lb-sec/ft?, respectively. 
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TEST CONDITIONS 
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COEFFICIENT SCHEDULES 
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| TABLE III 
MODEL DIMENSIONAL DATA 
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MODEL COMPONENT : BODY - B 
GENERAL DESCRIPTION : __ Configuration 140C orbiter fuselage, MCR 200-R4. 
Similar to 140A/B fuselage except aft bodyrevised and improved 


midbody-wing-boot fairing, x, = 940 to X_ = 1040, 
MODEL SCALE: 0.0175 
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t 
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DRAWING NUMBER: V.L70+#000140C, -000202C, -000205A 
VL70-000200B, -000203 





DIMENSIONS : ) FULL SCALE MODEL SCALE 


Length (IML: FWD Sta X,=238),In. 1290,3 22, 58 
Length (OML: Fwd Sta Xo=235), In. 1293.3 


pee 54 >. 63. ee ee eee en et P 


Max Width (At Xo = 1528.3), In. 264.0 4,62 





Max Depth (At X, = 1464), In. 250_0 __. 4. 38 
Fineness Ratio | : 4.899 4.899 
Area - F t@ | = 
Max. Cross—Sectional oe 340,885 9. 104 , 
“Planform ee ess, 8 ee , 
Wetted ea a ee a 
Bose Se | ee ee 


ee ek St $e. 
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: TABLE III (Continued) | . 
: : MODEL DIMENSIONAL DATA i 
/ MODEL COMPONENT :_CANOPY = Cy. 0 ; 


GENERAL DESCRIPTION : Configuration 140C orbiter canopy. Vehicle 
cabin No. 31 updated to MCR 200-R4,_ Used with fuselage PY 
a a ene 
MODEL SCALE: 0.0175 


DRAWING NUMBER: —VL70-000140C, --000202B, -000204 








DIMENSIONS : | FULL SCALE —- MODEL SCALE 
* : ; 
Length (X, = 434, $43 to 578), In____ 143.357 2,503 
| 
Max Width (At x = 513.127), In. — 152,412 2, 667 : 
Max Depth (Zo = 501 to 449.39), In, 51, 61 0.903 


Fineness Ratio 








Area 


Mox. Cross—Sectional 


Planform 


Wetted 


IT} 


Base 


HI] 
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TABLE 121 (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT; ELEVON - E , 


x 
Ld 
- 
- 
* 
e 


GENERAL DESCRIPTION: _ Elevon for configuration 140C, Hingeline at Xo = 1387, 
eee Eee ieee aS & D> ES SEAR EE aa 
elevon split line X,, = 312.5, 6,0", beveled edges, and centerbodies., 
' 


MODEL SCALE: 0.0175 , 





DRAWING NUMBER: VL,70-000140C, -006089, ~- 006092 
DIMENSIONS: | - — FULLSSCALE MODEL SCALE 
a. Area ~ Fe® | 210.0 0. 064 
: | Span (equivalent) - In, : | 349, 2 6.111 : 
Inb'd equivalent chord- In. 118, a 2. 065 | ! 
Outb'd equivalent chord | . 55. 19 Q. 266 | | | 
‘Ratio movable surface chord/ a ; | : 
total surface chord . s 
At Inb'd equiv. chord : : Q, 2096 Q, 296 | 
At Outb'd equiy. chord : 0. 4004 0. 4004 ° | 
| Sweep Back ‘Angles, degrees | - | | 
7 Leading Edge 0.0 ~ 0.0 _ 
Tailing Edge | ~ 10,056 - 10,056 | 
Hingel je roduct of area &c) 4 sano x Tl 
Area Moment (Notiakotexttngesing) Fe" 1587. 25 ' 0. 008 | 
Mean Acrodynamic Chodr, In. _ 90.7 . 1, 587 
Hingeline dihedral (origin at | 
Z, = 261.3509), deg. 5, 229 5, 229 | 
“er | NAL PAGH Ig 27 ; | | 
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TABLE I11(Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT : BODY FLAP - Fig 
GENERAL DESCRIPTION : Configuration 140C body flap. Hingeline located 








at X= 1532, 2 = 287. : 





MODEL SCALE; 0.0175 


DRAWING NUMBER : Wi10-0001806, -355114 








DIMENSIONS : . | | FULL SCALE MODEL SCALE 
ies gto = 1525.5 to X = 1613), In. 87,50 1,531. 
Max Width (At L.E., 2s Pia 1525.5), In. 256. 00 4,480 
Mox Depth (X_* 1532), In. 19. 798 0. 346 
Fineness Ratio | : | : 
Area - Fe? 
Max, Cross~—Sectional(At H. L. } 35.196 0.011 
Planform 135, 00 0.041 
Wetted 
Base (X, = 1613) | 4,89 0.0015 
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TABLE ITI (Continued) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT OMS POD -My, 


GENERAL DESCRIP ION : — Configuration 1400 orbiter OMS Pod - short pod. 





ee eepeenemeepererneen erent ASE SS SP AT A TS A A ED 


MODEL SCAL?,: 0.0175 


DRAWING NUMBER : 


DIMENSIONS : 


Lengt 
Max Width ¢ 44 %, = 1511), In. 


(fn = ‘In, 
Max Depth ‘At *, rot In 


Fineness Rutio 
Area = Ft? 
Max. Cross—Sectiona! 


Planform 


Wetted 


Base 
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FULL SCALE 


1, (0245 Fwd Sta x, = 1310, 5),In, 258, 50 


136,8 | 
74, 70 


2, 484 


58, 864 





MODEL SCALE 


4,524 





2.394 


| 


1,307 





2,484 





0.018 
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TABLE [11 (Continued) 


MODEL DIMENSIONAL DATA 
MODEL COMPONENT: _ RUDDER - Ry | 


GENERAL DESCRIPTION: The rudder is a secondary movable airfoil at the 
seatenirpesieceienaicntetaniarns seen ne 


a eee era 


trailing edge of the vertical fin that imparts yaw forces, This dimensional 


data_was calculated from the OML master dimensions. 
eer ne nsentan eran ammenetesnsestnseranestineepstvancerciptevecrwespe-ea-one 


MODEL SCALE: 0,0175 


DRAWING NUMBER: 


Vehicle 5 Configuration MCR 200, Rev, ? 








DIMENSIONS: FULL-SCALE MODEL SCALE 
Area ~ Ft” 97,84 _0, 030 
Span (equivalent) - In. _198, 614 3.476 
Inb'd equivalent chord -.In. 91,07 1,699 
Outb'd equivalent chord - In. — 50.80 0,889 
Ratio movable surface chord/ 

total surface chord 
At Inb'd equiv. chord 0,400 0.400 
At Outb'd equiv. chord 0,400 0,400 
Sweep Back Angles, degrees 
Leading Edge 34. 833 34,833 
tailing Edge 2h. 249 __ 26,249. 
aL) Serre of Area & c) 1 3 24833 | 3h.833 
Area Moment (Normatctexkingectétne) Ft" 593,889 _ 0,032 
Mean Aerodynamic Chord, In, 72,840 1,275 
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TABLE It 2{Cont{ nued) 
: | MODEL DIMENSIONAL DATA 





MODEL COMPONENT: VERTICAL - Vg | , 


acerca eee ee ETE EE EELS TC 


GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail (identical 


to configuration 140A/B vertical tail). 


configuration 140//% Vere $$ 


eer | ne 0 A EE LCL TT ' 


MODEL SCALE: 0,0175 | 
DRAWING NUMBER; V1L70-000140C, -000146B 





Ee a ED 











2 DIMENSIONS: = ' FULL SCALE MODEL SCALE 
2 TOTAL DATA.. 
Area (Theo) - rt" a 
Planform 413. 253 0,127 
Span (Theo) - In. 315, 72 | 
Aspect Ratio 1, 675 i | 
Rate of Taper | 0.507 0.507 
Taper Ratio 0. 404 6,404 , 
Sweep~Back Angles, Degrees. 
Leading Edge 45,000 _45,000 | 
Trailing Edge | 26 as 26,2 
0.25 Element Line 4), me 
3 | 
Chords: : ! 
gr WP - 268, 50 4,699 | 
Tip (Theo) ‘WP 108, 47 1,898 | 
MAC | “T9981 3. 497 ! 
Fus. Sta. of .25 MAC 1463,35 25,609 
WP, of .25 MAC “e35.52— 22 | 
BL. of .25 MAC 0,0 0,0 
Airfoil Section ! 
Leading wedye angle * Deg. 10, 00 10, 00_ 
Trailing Wedue Jingle - Deg. 14, 92. 1493. | 
= Leading Edge Radius 2. 00 ! 
{ 
Void Area 13.17 _0,0040_. : 
- 0.0 0.0 


Blanketed Area 
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TABLE IIY (Continued) 
~ ., MODEL DIMENSIONAL DATA | 
wes MODEL COMPONENTS WING=W yoy, 


SEVERN DESCRYOTION: Configuration 5 

NOTIS; Identical to W | ot airfoil thickness, Dihedral anple is along 
oie | trailipy edpe of wing, Geometric twist = 0 

q MODEL SCALE: 0, 0175 


CXC 

















e me, oF OWG. NO. VIL720-000140A, -000200 
a DIMENSIONS: FULL~SCALE MODEL SCALE 
be TOTAL DATA 2 
7 Area (Theo.) Ft 
ae ?Tanform : | 2690, 0 0, 82 
oe Span (Theo In. : 936, 68 16,392 
Le Asnect Ratio ETT 2. 2AS 
ys Rave of Taber L177 L177 
Taper Ratio | 0. 200 
Oihedral Angie, degrées 3.500 3, 500 
Incidence Angie, degrees oe 0,500 0.500. 
Aerodynamic Twist, degrees | 
Sweep Sack Angies , degrees eee Tee gee 
Weading Edge 45,000 
Trailing Edge ~ 10 - 10, 056 
a vi Elemént Line 35.209. 35,209 
ords: 
Root ed B.P.0.0. | 689,24 12, 062 
Tip, (Theo) BLP. 137,85 2,412 
MAC Mig 474, 8) t 30 
FUS. Sta. of 02D Nie GINAL PA 1136, 83 19, 895 
BoL. of .25 MAC 182, 13 3, 187 
EXPOSED DATA 7 7 
rea (ineo) Ft : : 1751, 50 0, 536 
Span, (Theo) In. BP108 720, 68 12, 612 
Aspect Ratio 2.059 2.059 
Taper Ratio 0, 245 0, 245 
Chords | 
Root BP108 562,09 9837 : 
Tip 1,00 b 137,85 2.412 
MAC 392,83 6.875 | 
eg ag Ag MAC 1185, 98 __ 20, 755 
ele 0 ® 294, 30 5. 150 wane 
Bel. of 25 MAC 2b A406 , 
Airfoil Section (Rockwell Mod NASA) : 
XXXX~64 : 
Root b & - 0,113 0. 113 
Mp ge 0,120 0,12 : 
data for (1) of (2) Sides ! 
Lead‘ng Edge Cuff 9 | 
Planfeem Area St —ttsyTs” “0.035... | 
Leading Edge [ntersects Fus M. L. @ Sta 500,00 8.750 | 
Leading tdge {(ntersects “ing 4 Sta 10241, OV 1749.29 
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; - TABLE 141(Continued) 


MODEL, DIMENSIONAL DATA 


which is jettisoned and recoverable after burnout. 





can be refurbished and reused after recovery. 


MODEL COMPONENT :___Booster Solid Rocket totar = S22 








GENERAL DESCRIPTION : The BSRM_ Js an oxtornal propulsion system 
The BSRMts 


RY EE NEE aE, 
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DRAWING NUMBER: VC77-000002C, VCO70-0000D02A, VC72-000002C 


® 


Model Scale: .0175 


qe 


DIMENSIONS ; FULL. SCALE 
Length 789 60 


Max Width tank diameter in 146.00 











a Mex Depth AFT shroud dia in 208 . 20 
Fineness Ratio | ieee EIOO 
, Area ree Pee ce ey 
: Max, Cross—Sectional pee eS = 
! Planform roe he sees 
Wetted decisis 
Bose | om 
WP of BRSM centerline (24 __ 400.9 
FS of BSRM nose (4 743.0 
BP of BSRM centerline (424) 250.5 
+i 33 


ma) | 


MODEL SCALE 


31,318 


2.555 








0.0700 
13, 003 
4,384 
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; TABL< Tif (Continued) 
: MODEL DIMENSIONAL CATA 
: MODEL COMPONENT | WBS torn) Tale toe eee 
GENERAL DESCRIPTION «app o: Ose, BAK ne ee 
a ag a a a a 
DRAWING A Pe ee eet 
(Dimensions see to panier ructieal OML, TPS not ine lucded) 
Model Scale: .0175 
DIMENSIONS : FULL SCALE MODE\. SCALE 
2 - Length 1844.275 32.275 
; Max Width | OS OO i . 
Mox Depth 
Fineness Ratio pO ee 
on | Area FT* eee | 
: Max. Cross-Sectional goo nO 2) 1821 ) 
° Plunform —_————— eee Pe es | 
Wetted Sn ee a ee Ce 
Base ee ae ee ee 
OF : 
= ye 
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TABLE ILI (Concluded) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT ' PATERNAL TANK = Tap 
GENERAL DESCRIPTION :__Ogive nope 


LL SAE DSP GH-S-—SAr 77S AecSNSERSRASW TURMDSEDOUNND chr ~ sa 


EE 


MODEL SCALF: 0.0175 


EE he a0 EDTA eT, amnesiac, oe 


DRAWING NUMBER: —VL72-000143D, VL78-000063 


DIMENSIONS : FULL SCALE 


Length 1844, 275 


Max Width 331,00 


: 
: 


Max Depth 


Fineness Ratio 5,687 


: 


Area = Fe? 


Max. Cross—Sectional 594, 678 
Planform 
Wetted 


Base 


| 
i 


ey 
m0 


| nose radius,\ tn,. 
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i = -— - aa Fe 28 2p ee oo pee Dake =e 
I sige ce A ae A sc a NL ELIS “at: 


MODEL SCALE 


32,275 


5.792 


5, 687 


0,1821 


0.16 


ae, email 
. ‘ 
; 





ee oe ne eS =e 


ea ee ee ke 





jaa i es — RO - 29 © . | 
| ; 
| 





TALI TV, THERMOCQUPLE LOCATIONS - ORBITER PUSHLAGE, 
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TABLE V. THERMOCOUPLE LOCATIONS -- ORBITER WING 


T/C mievor, Skin |Mat'l Remarks 
No, Xo Y, /C Thickness ss 


a x/C 
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TABLE VIII. TRIP RING DIMENSIONS 


CONFIG. | COMPONENT DATA SET | BALL DIAMETER (in.) X/L™ 
CTS ORBITER 1 025 040 
ET ] None — 
SRB 1 015 019 
2 015 040 
ORBITER 2 .025 .070** 
EY 2 025 019 
SRB 
ORBITER 3 to 10 025 040 
ET 3 to 10 025 081 
SRB 3 to 10 025 019 
J 
OT ORBITER 11 to 15 025 040 
| ET 11 to 15 025 081 
ET ET/NIPPLE NOSE 16 to 19 None a 
ET ET/OGIVE 20 to 23 None —— 
ET ET/OGIVE 24 to 27 025 aes 
*Reference lengths, L (in.): Full Scale Model Scale 
ORBITER: 1293. 300 22.633 
ET: 1845.428 32.295 
SRB: 1725.20 30.191 


** ET trips changed from X/L = .070 to X/! = .081 
during Data set #2 (pre run 20) 


56 








- HALLE 1%. THERMOCOUPLE HOOKUP ‘CHEDULE 
ma? Orbiter Constant et 
Lo (plups L thre 5) 


oer 6 Be nt FET 8 ~~ ere + e+ + tee tk Gem 6 ree hn on tree Oe we G+ ep & 4+ eee“ ee ee eee eed oo. 7 
' : 7 4 . r . “ + + < 
«aby alabst ds aise nO} 9 Cotpasubdeta T/t. Sou Cape? 


Noy, Ma, bes Na, a ae Pos, 
te ee Ee EE eh St ge . 








34 34 34 
35 35 35 67 160 67 
36 36 26 
37 37 37 
38 38 38 
39 39 39 
40 86 40 
Al 87 41 
A2 89 A2 
43 90 43 
AA 91 44 
AS 92 A5 . 
"46 © 93 46 
47 94 47 
A8 95 °#48 
49 96 A9 
50 97 50 
51 109 5 
52 110 5 
lll 3 
112 54 
114 5 
115 5 
116 5 
118 38 
120 5 
122 60 
133 ol} 
134 G2 
135 63 
136 A4 
137 655 


Fee ET Ne ne eG 
st 
# 
ris 


ORB 





ee 





[j¢@———— ORB #5—m}ej3-—-—_—-—__ ORB 


57 | 


+ “\- . — ° . Pre ae ee te ET Go ~Ear Gene em ey OE Ped oe Ee tt | ES ab 





- ae 

— = a 

— w=: 

— a 
ee 
eed be etter 
—_— == 

— eee geen 
— 


TABLE Ty - (Cont'd) 
EXTERNAL TANK CONSTANT SET 
400 (PLUGS 1 THRU 5) 


ore + 8S - eee EH Os CET aT © - 07 +e 94-0 @ele ¢1 te RH e eee te) fre eer ems 8 a ee ee ee eed 



































Plug : Went ne Seas Chit ie} Jf apie C Vache rr ee 
NOs Meg eect aa a Siem stanoet Now No, a 
f ! 600 1] 633 i 66 666 66 
| 2 601 2 634 a 67 667 67 
| 3 602 3 $35 68 668 68 
4 603 4 636 69 669 69 
| 5 604 5 637 at 70 670 70 
! 6 605 638 - as 671 as 
ha 7 696 7 639 72 672 72 
607 8 640 73 673 73 
608 9 641 “| 1 74 674 74 
JO 609 10 642 1. 73 675 75 
li 610 Li 643 
12 611 12 644 ! 
13 612 13 645 | 
. l4 613.214 646 | 
y iss 61435 648 ! 
i 16 615 16 649 | 
17 61617 650 | 
| 18 617 18 651 | 
a 19 618 19 652 | 
r 20 619 20 653 
2) 620 2 654 
| . 22 621 22 655 | 
os 23 622 . 23 656 | 
| 24 623 2 657 | 
, 22 624 2 658 | 
| 26 625 2 659 | 
07 62H. 660 | 
28 627 228 661 ! 
| ale) 628 29 662 | 
J 30 629 30) 663 | 
$1 G30 31 664 | 
: 3231 32 665 
: oe 632 | 
fi HP elle neeae espatane ne One | 
oar 








ee one ree 


ry ee GR: at Ei RT 


Channe | 
a NO 


t/C 
No, 


600 
601 
602 
603 
604 
605 
696 
607 
608 
609 
610* 
611* 
612* 
613* 
614* 
615* 
61 & 
617* 
618* 
619* 
620* 
621* 


622 | 


623* 
62.4% 
625% 
626 
627 
628 
629 
630 
631 
632 


Scope 
Pos. 


ow On oo UU 


a 


Pore 


#4 


TABLE IX - (Cont'd) 
WXTERNAL TANK CONSTANT sir (WITH INTERSTAGE) 
go. (PLUGS 1 'TIIRU 5) 


Chiu) 
No. 


V/C 


No. 


Scape 
Pos. 





Cn ae 
Channel 


No. 








r/c Heupe 
No. Peo. 


666 
667 
668 
669 
670 
671 
672 
673 
674 
675 











tae + 


és . 
Fem a el at te A lll te eat 


aa ee ev ee 


ne 





es TABLE IX (Cont'd) 
iF PXTERMAL TANK GONS TANT SFT 



















{0 (PLUGS 6 THRO 10) 

| | Petia 7 So | tlie 1G Scope aiek 76 Siaaie 

ne ING g icp tt Woo. No. No. eee ee No. No. Pas, 

z : { 676 \ 344 709 60 742 G66 

! 2 677 2 35 710 67 7432 s(«O7 

. , 3 678 3 36 711 68 744 68 

| 4 679A 37 712 69 745 69 

: 5 680 5 28 713 o} 70 746 70 

, | 6 681 6 39 714 ce 71 747 71 

* : 7 682 7 a0 715 72 748 72 

1 ° 683 S 41 716 73, =. «749 73 

: 9 684 9 A2 717 74 750 74 

: 10 685 = 10 43 718 75 751 75 

: Ll 686 1 AA 719 

3 12 687 ~—12 720 ) 

7 ; 13 688 13 721 | 

a 14 689 14 722 2 

‘ is 690 —-15 723 , 

: / _ 16 691 16 724 | 

f | 17. 692—~—t—s«dA'P 725 | 

- 18 693—ti«*2SB 726 j 

5 19 = 69419 727 4 

: 695 20 728 
696 21 729 
697 22 730 ‘ 
698 _ 23 731 
699 24 732 | 
700 25 733 | 
701 26 734 | 
702 2 735 | 
703 28 737 | 
704 738 
705 30 139) | 
706 31 740 ; : 
707 741 | 
708 33 





TABLE IX (Cont'd) 
EXTERNAL TANK GONSTANT SET (WITH INTERSTAGE) 
: 411 (PLUGS 6 THRU 10) 


ats 


‘ neater ere ; cope Channed re QP 
Noe eee i ay one __|___No. = ee | No. Pas. 
~ fh ° 1 676 1 34 709 34° \ 
2 677 2 35 710 35° 
3 678 3 36 711 36 
4 679 ‘4 37 712 Cr 37 
5 680 5 28 713 38 © 
6 = 681 6 Is] 39 714 39 [a 
a 7 682 7 40 715 40 
“| 8 683 8 41 7160041 
9 684 9 | A2 717 42 
10 685 * 10 43 718 43 
11 686* ll a4 719 44 
12 687* 12 5 720* 45 
13 688* 13 46 | 721* 46 
14 689* 14 47 722* 47 
15 690* 15 48 723 A8 
nT 16 691 16 49 724 49 
17 692 17 50 725 50 
18 | 693 18 & 51 726 51 
19 694 19 52 727 S2 
- 20 695 20 | 53 728 53 
a ee 696 21 54 729 54 
22 +4697 + ~=— 22 55 730 ~=«55 
23 698 , 23 - $6 731 56 
24 699 24 57 732 57 
25 700 25 58 733 38 
: 260i 59 734 59 
27 702 27 60 735 60 
| 28 703 28 61 737 61 |. 
29 704% "9 62 738 C2 
30 705* 30 63 739 63 
27 31 706* 31 ° 64 740 64 
32 707 32 a 65 741 65 
| 33 708 33 q , 
| _ Vv Bs a sere tes 
ee 
me * = Under interstage unit . 


ay 
- ~~ 


Chivanel 
















- Othe ee tt ee “ ay ge 
Plug! (baat 


No e ete) ° My } 

10) Debeemt> byw Sr eumG SURE =e 90 UF + O-TENEE-GnNe aE Ot 
4 
“4 


#12 








ea 


ribald 
— 
wa 


Sad 


1 


oOo fFN OU & W N 


ns ee ee ee ee 
SIO waa W KY RF C 


18 





ae er ee 


[ABLE IX (Contht) 


MS TRRM AL TANS CONSTANT 87 
420 (PLUGS 11 THRU 15) 


rat edp as 


Cd a 


Oo Aan co ww 






No ; NO. 


00 817 
67 818 
68 819 
69 820 
70 82] 
71 822 
72 823 


73 824 
74 825 


—— ee 





fee yee ee 3 2 





Ae oF UF UE Boe 
Ae 4 Pa .¢ aes 
Tee ere re ee ee 





aie 
Fe LS 
as 

a 


-, 
, 
ns 
La 
_*Y 
, 
7 i’ 
, 
a 
, 
-,8 
iy? 
: 
he 
Fs 
=F 
rh 
_"s 
“0 
i 
a 
a 
m5 
ais 
, 
‘Er 
ae 
et . 
ae 
rm 
a 
. 


we 
o - 


#12 








= sae 


Noe 





No, 
752% 
753% 
754 
755 
756 
757 
758 
759 
760 
761 
762* 
763™ 
764* 
765* 
766" 
767* 
768 
769 
770 
771* 
772* 
773* 
774%, 
775" 
776* 
777% 
778 * 
779 * 
780* 
781 ~ 
782 * 
783 * 
784 * 


ae ke e 


i 
2 
3 


S 






















— 


_ * = Under interstage ‘unit 


TABLE bé 


EXTERNAL ‘LAN CONSTANT SIT (WITH INTERSTAGE ) 
421 (PLUGS 11 TIIRU 15) 


a 

Cuvasmied 
No, 
OFS 


34 
35 
36 
37 
38 
39 
40 
al 
A2 


59 
60 
61 
62 
63 
64 
65 


tI 


MO. 
78% 
786" 
737% 
788* 
789 
790 
791 
792 
793 
794 
795 


—=/9¢ 


797% 
798 * 
79.9" 
80 0k 
801s 
802 
803 * 
804% 
g05* 
806* 
B07 
808* 
809% 
810" 
811" 
812* 
813 

B14 

815 

816 


63 


(Conttd) 


panto gree oe + 


Hcape 


i eee 


56 
57 
58 
59 
60 
61 
62 
63 
64 
65 





Cheat. 
Na, 


6 
67 
O8 
69 
70) 
7) 


——ee ye 


TA. 


No, 
817 
819" 
819% 
820° 
821* 
822* 
823* 


824* 
825* 


826" 








Pers, 
66 
67 
63 


70 








ere Cpe 








‘oe + -et ~ee ++ 


Re ee en Te RE | eS ees ee ee a nl ee 
16 a a a 


ke 
: 
id 

a 
nm 
- 
b 
hi. 
2 
i 
¥ 





Plug } Cu) titin i 


ue . 


19 
11 
12 
13 
14 
15 
16 
17 


b 
Dal Veg 
Ss te 


_ + —- Be 
17 
THT ee 


421) 
829. 
330 
831. 
B32 
833 

834: 
835. 
836 

837 
838 
839 
8-40 

841. 
842: 
843. 
344 

845 

846 

847, 
843. 





CS a 
eet Gis? 


ere 


¢ 


+ 
ew mee ewer mse ote ft 


\ 


13 





WAMUE IX 





- 
z~-™ 
: 


ae 
tere 
be] 
$5 


eit) 


“37 


64 
65 


Gontlrl) 
MS TERNAL TANK CONS'TAN'T Ble? 
130 (PLUGS Lo THRU 20) 


HP AS EE ATE + NOt IP EOS + Pmt eT setts Preece Fm ¢ 


Chit waiel 








- - 
rere ie be | ] {/' meounyay 
Ci brea, 


TA rat capa 
Ned. Piven 


861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 
883 
884 57 
885 53 
886 59 
887 60 
888 61 
889 Ne 
890 63 
891 Ot 
g92 65 


89 69 
89" 76) 
898 7 
899 72 
900 KY 
901 7A 
902 7% 





-  @. ay keeeee 
es ne nn a lk a A a A. alta A, 


a of Sn is ey ee et . os se = weg 


vk 
ty 
5 


















































































: oo PABLE IX (Gontta) 
ne EXTERNAL TANK GONSTANT SRT (WITH INTERSTAGE ) 
‘ 43] (PLUGS 16 THRU 20) 
; | : | 
: Plug( Channel 1/70 Scape Chine! T/C Beope Ciel (/C.  bieeue 
: INO HB SIN en Oe A Ie oN UN NO ee 
7 1 828" \ A 34 86} aA + A G0 493 Gh 
: 2 aage 2 45 862 35°" 67 8947 
3 ©6830" a) 36 843 96 68 895 0% 
| A pak 4 37 7 69 896 69 
. 5 3°39 5 ate) 865 38 Ag 70) 8) 7 70 
: 6 {333% 6 ‘ 39 866 30) is 7) 898 7) 
* WO 7 83 4* 7 i 40 $67 AQ 72 899 Ve 
a 835 a fe | ag 868 4d 73-900 78 
< 836 9 A2 869 A2 7A 901 74 
: 10 B37 10 A3 PL ee ee a 902 75 
es 11-838 1) a4 871 44 ! 
, 12 B39 2 fu] 4s 872 45 
‘13-840 13 “1 '46 873 AG 
14. gal 14 47 874 A7 
cova Ye Ba2 15 A8 875 48 
4 16 -g43* 1G a9 876 49 
17 644" 17 50 877 50 
18 845* 18 51 878* 51 
19 846% 19 52 879* 52 
"20 847" 20 a 53 880 53 
* 9) gag oy [ae] $4 881 34 
|) 22 B49 55 882 = S5 
Sis 23 850 = 23 56 883 56 
24 851 24 57 884 57 
25 B52 25 58 885 58 
26 = 853 26 59 886 59 
27 854 27 4. 60 887 60 
28 855 28 ‘ 61 888 ol | 
29 856 29 62 889 52 
30 B57 30 ° 63 390 63 
— 31 B58 31 |v] 64 3891 64 
00 32 §6859 32 | 65 892 65 
| _¥ 860 | 
Sf 
* = Under interstage unit 65 








ee ee ee 


et 


~ a ce é 


al 
- =. 
ne 
— 
ET 
—————— 
en 2 
—_ 


TABLE IX Gonttd) 
EX TE RMAL PRANK CONSTANT SET 
% dancin. JIGS 22 THRE 46) 
















ene & > Or er 9 ere te 








Pic heeeret re comeeriscervnea Mn WT TTT A OMS td MER OCR 
NO. } ates Now Boss. ee tt No. Pow. A | tia, No, Ports, 
. \ ] 918 L %,) 34 951 66 988 66 
2 919 2 35 952 67 989 67 
3 920 3 30 953 68 990 68 
A 921 4 37 954 69 991 69 
5 922 5 D4 383 955 70 None 70 
22 6 923 6 e 29 956 71 None 71 
7 924 7 40 957 72 None 72 
8 925 8 41 958 73 None 73 
9 926 9 42 959 74 None 74 
| 10 927. ~«2«210 A:3 960 75 914 
ll 928 il a4 961 
12 929 12 </ 45 962 
? 13 930 13 "46 963 
: 14 931 14 a7 964 
: a 1s 932 15 48 965 ! 
:t Te 16 933 16 49 966 
a 17 934 17 50 967 
18 935 18 5] 968 
19 936 19 28 52 969 
20 937 20 53 970 
21 938 21 54 971 
22 939 a2: 55 972 
23 940 23 56 973 
24 941 24, 57 974 
25 942. 25 58 975 
26 943 26 59 976 
27 944 27 Vv 60 982 
28 945 28 61 983 
29 946 29 26 62 984 
30 gyA7 30 63 69 
31. 942 3r 64 786 
32 913 32 65 987 
33 950 33 











; , | 
. TABLE IX (Cont'd) 
= EXTERNAL LANK CONSTANT SET (WITH INTERSTAGE) 
: | 44] (PLUGS 22 THRU 26) | 
7 Plug | Channe! T/C Scope Channel T/C Scope Channel Scope 
; No. No. No. Pos. No No. No. Pos. |A\ No. Pos. 
_ “ 1 918 i 34 951* 34 © 66 66 
a 2 919 2 35 952" 38°. 67 _ 67 
| 3 920 3 36 953” (36 68 
; 4 921 4 37 954* 37 69 69 
7 5 922 5—- log 38 955* 38 70 70 
_ 6 923° 6 “| 39 956* 39 71 71 
e Z 924 7 40 957%. 490 fie 72 
- | 8 925 8 Al 958* 41 73 73 
¢ 22 9 926 9 42 959* 42 74 74 
* | 10 927 10 43 960 43 75 
i -11° sg 28 ll Vj 44 961 A4 
sh 12 929 12 45 962 45 
; 13 930 13 "46" 963 . 46 
x la 93k 4 a7 964 = 47 
4 vy {| 45 932 15 48 965 48 
a 16-933 16 49 966 49 
17 934" 17 50 967 50 
18 935" 18 51 968 51 
19 936 19 52 969 52 
- 200 937% 20 (|25) 53 970 +53 
"21 938 21 54 971 54 
22 939 22 85 972 55 
23 23 940 23 56 973 56 
| 24 «=: 94s 57 974. 87 
25 942 25 58 975 58 
| 26 943 26 59 976 59 
27 944 27 vy, 60 982 60 
28 945* 28 IN 61 983 61 
29 946% 29 | | 62 984 62 
My, 30 947* 30 426 63 985 63 
Tv 31 948* 31 64 986 64 
24 32 g13* 32 | 65 987 65 
{ 33 950 33 





67 





et see a se ee ee : 
on a ae in 


4 rs a = Sane SS 0) ON ge wait th cg Wed ak et a a a SN Se 


TABLIE IX (Cont'd) 
EXTERNAL TANK - 


oe ee ee i ee 7 * 
pe IS mS Ee ge ee Te ae ee 
* . ~ ~~ 7 +? . - - 
" _ oT 
= 5 . 









ie CONSTANT SE'T 610 
: (OGIVE NOSE) 
. P] ug ' hy cea : PT Scope: : C4 manne b Te Sein ' Charme l T/c SUOpe 
No. Mey, Neo, Pas, Ruy, No. Pos, Mo, 
i, —* OS emntmare 6 Ota ne bd AD PDE Ee CPR SPS Cte EI TS fire a aw 
, 1 600 ‘ 34 724 
| 2 601 2 | 35 725 
ie 
'- | 3 602 3 | on 726 

| 4 603 4 | 37 727 

| 5 604 5 | 38 715 

| 6 605 6 ‘fy 39 None 
| 7 606 7. 40 None 

rt None 
. | 8 607 8 41 
9 608 9 42 None 

1c 609 10 43 None 


t, 
} 
y. 
» . 
< 
ay 
Ht 
iy 
ae) 
5 1 
t 
ut 
a 
, 
a 
ed 
2 
fr 
+, 
: 
}: 
‘77 
o 
} 
he 
ay 
af 
on 
: : 
pet 
a 
P. 
me 
ns 
a 
ans , 
es 
Ee 
' 

t 
oa 
BS 

4 
a 
“ero 
im 
an 
ad 
ae 
P- 
I 
mat 
, 
Py 
ae.) 
. . x 
a 
an a 

> 

i 

. 

f 

* 
ee 

* 
rhe 

Ls 

. 
. 
‘es 
" 


44 None 
45 None 
46 737 


12 611 12 
13 616 13 
14 622 14 
15 624 15 





48 739 


a nae i 
a rae ee 





16 628 16 49 740 
17s 646 17 50 741 
18 632 18 51 742 | 
19 «= 658 19 i | s2 743 , 
r 20 #634 20 ' 53 744 } 
21 635 21 54 745 | 
22 636 22 55 746 
23° 637° «223. sd 56 747 | 
2d 638 24 | 57 748 | 
25 639 25 | 58 749 : 
26 640 26 59 750 | 
27 ~—Ss«T2 27 is 60 751 60 ! 
23 673 28 61 716 61 
293 674 29 | 62 783 62 | 
30-675 30 «OCF LS 3 717 63 : 
$1 721 31 | 64 718 64 : 
32 681 32 | 65 786 O5 
33-723 33 \ 





BR 








=: = 











TABLE I& (Cont'd) 
EXTERNAL TANK: 
CONSTANT SET 611 
(NIPPLE NOSE) 



































Plug(Channel T/C Scope Channel 
No. No. Pos. No. 
l 600 1 34 
2 601 2 35 
3 602 3 36 
4 603 4 37 
oo: 604 © 5 38 
6 605 6 39 
7 606 7. 40 
8 607 8 41 
9 608 9 A2 
10 609 10 43 
ll 6100—~—s Aa 
(12 611 12 45 
, 13 616 . 13 46 
14. 622 14 A7 
15 624 15 48 
16 628 16 49 
17 646 17 50 
18 632 18 51 
19 658 19 52 
20 634 20 53 
21 635 21 54 
22 636 22. 55 
; 23° 637" 23 56 
7 24 638 24 57 
| 25 639 25 58 
26 640 26 59 
27 672 27 60 
28 673 28 61 
29 674 29 62 
30 675 30 63 
31 721 31 64 
32 681 32 
| 33 723 33 
15 sh a ass Ne 




























T/C Scupe 
No. Pos. 







724 
725 35°. 
726 
727. «' 37 
715 38 
7.29 
730 
731 41 
732 42 
733 43 
734 44 
735 45 
737 46 
738 A7 
739 ‘48 
740 
74) 50 
742 51 
743 
744 53 















745 54 
746 55 
747 56. 
748 57 
749 58 
750 59 
751 60 
716 61 


783 
717 63 
718 64 
786 





69 










Cheonnel 


T/C 
No. No 


66 719 
67 788 
68 789 
69 790 
70 791 
71 792 
72 = 793 
73 720 
74. 752 


75 





ocope 
Pos. 


66 
_ 67 
68 
69 
70 
71 
72 
73 
74 








TABLE IXX (Cont'd) 
i EXTeRNAL TANK 
CONSTANT SET 620 
( (OGIVE NOSh) 




















p> ¢ Seren ae Se ee ee 2 ge REN Os Sls 
pd Plug) Channel r/c Scope re hunnel T/C Scape Chartne I Je Se Ope 
No. ___No, Pos. No. No. Pos. No, Mos. 


34 815 
844 35 816 
845 36 817 
846 4 37 818 
847 38 757 
848 #14 39 820 
849 40 758 
$50 Al 822: 
851 A2 770 
852 43 772 


| 
== “ = 


66 
67 
68 
69 
70 
71 
72 
73 
74 
75 


- 


843 





: 854 | 

- : 855 46-776 ; 

: | 856 | 47 780 , 
: go 754 4g «829 : 
[ ‘ 873 - 49 832 ! 
: | 874 50 834 | 
: , 875 51 835 | 
a | 876 52836 | 
; ! 877 ig§ 353 837 | 
- | 878 54 838 7 
879 55 839 © 
56 842 


57 870 
53 871 
59 872 


ly a ll, Ml Al, Ka ld 


7 #19 23 RRO id 
ie | 24 881 
; | 26 883 
2 | 27 ~—«B84 

| 

v 

: 

15 | 

{ 

| 





3 60 893 , 
: 28 8&5 ol 983 | 
29 886 62 984 . 
| - 30.755 }26 63 985 ) 
: 31 756 64 986 | 
aa His | 3200 BS ;{ 65 987 | ! 
awit oe » i q ; | oo _ 
ee 70 nae | 





i pe re 


ee eee SS UE TRIE SE eh oe OY ~, 
ae A PE TBE. OEE TEE ape ae ve 
Seo Mp ore oe 


- * TABLE IX (Cont'd) 


EXTERNAL TANK 
CONSTANT SET 62] 


oP Eee Pe 


















i (NLPPTM NOST) 
: | 
a Plug} Channel T/C Scope Channel T/C SCOPE Channe] T/C SCOpe 
ia . No. No. No. Pos. |} of No. NO, No, No. Pos. 
: he Toy 343 1 {4 66 988 66 
a 2 844 2 67 989 _ 67 
= 3 845 13 68 990 68 
:, 4 846 4 69 991 69 
_ 5 847 5 None 70 
=a 6 848 6 HE None 71 
. ad 7 849007 | None 72 
: 8 850 8 None 73 
s 9 851 9 None 74 
2 10-852 10 992° 45 
= 11 = 853 Ll 
a 12 854 12 TAT, ! 
a 13 855 13 4 | 
= | 14 856 14 
= eels 1s 754 15 , 
2 : 16-873 16 , 
= 17 874 7 
= is 875 18 
2 19 876 19 ' 
“ 20 877 20 16 
" 22 878 21 
22 879 22 
#19 23° 880 ° 23 
24 881 24 
25 882 25 ' 
26 883 26 
27 884 27 
28 885 28 
29 886 29 
an oar 30 755 30 ' 
31 756 31 
Hs 32 813 32 
’ 33 814 33 








TABLE IX. (Cont'd) 
SOLLD ROCKET BOOSTER CONSTANT Sk 'T 
800 (P1,UGS | THRU 5) 












n= oo — *«- =» ere Ht Ge + Fe UE oO eee oy coal aid we oo ODN 0 ORD 402 ear es e Pe ee Or ee ert er Oe 








Plug ‘ea aa WAC OC Opt Lae stated V/s GoOpes ean Th Sa 
NOs, Bey, or Pos. Foe Ae No. Pos. No. No. 
ep LETT a tos a [Pf oe 1008 « 
. > 1001 2 35 1034. 35 67 1066 
3 1002 3 36 1035 26 68 1067 
4 1003 4 37 1036 37 69 1068 
| 5 1004 5 38 1037 38 70 1069 
! 6 1005 6 “| 39 1038 39 71 1070 
| 7 1006 7 |&] 40 1039 40 |] 72 1071 
- & 1007 8 Al 1040 41 73 1072 
1 9 1008 9 2 1041 42 | 74 1073 
10 1009 10 43 1042 43 75 1074 
ll =: 1010 ll AA 1043 44 
| 12 1011 12 45 1044 45 ! 
| 13. 1012 13 "A6 1045 46 . 
| 14 1013 14 A7 1046 47 
me 15-1014 15 A8 1047 
16 1015 16 49 1048 
| 17-1016 17 50 1049 
18 1017 18 ¥ |. Si. 1050 
19 1018 19 52 1051 
r 20 1019 20 53 1052 
21 1020 21 54 1053 
22 1021 22 55 1054 
= 23 1022 . 23 56 1055 
24 1023 2A 57 1056 
25 1024 25 58 1057 
2h 1025 26 59 1058 
27 1026 27 60 1059 
23 1027 28 ol 1060 | 
29-1028 29) 62 1061 ! | 
re San 30-1029 30 63 1062 . } 
31 1030 31 64 1063 . | 
7 32 «1031032 | 65 1064 : 
73 1032 33 | 
_ | 





Channe ] 


No, 


ead 
o ON Ou e wWND & 


ee 

f 

eee: #6/7 
ee 
eCN GC uy bm WH NY F&F © 


» 





1 ee ee Oe ee 


ts 3%3 


~ %) ¢ t SS, f* es + e+ eee: owen ee ote 
[wi 
4 


1075 
1076 
1077 
1084 


1094 


1095 
1096 
1097 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 


Ct Fa Op ee Cpe ) ED rere oe 
T/e 
No, 


QCOPO 
Pos, 


ow AN OO WW 


4 #9 





TABLE IX. (Concl'd) 


SOLID ROCKET BOOSTER CONSTANT SIT 


820 (PLUGS 6 THRU 11) 


Chinnel 


No, 
34 
35 
36 
37 
38 
39 
40 
4l 
42 
43 
44 
45 
46 
47 
48 
49 
50 


y 


#10 
Ln 
ne 


63 


=1l 


¢ 
-— 
_— 


a OO ee ee Ay iad . 


T/C ' 


No. 

1127 
1028 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1200 
1201 
1202 
1203 
1204 
1205 


1206 
1207 


1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 


BLANKS 
BLANK 


1220 
122] 


@ CEE Gime o 


73 





acape 
Po fy e 


AG 


59 
















| 
wt 
ot 





— ee a 


VeOPE 
Pos, 
ae 


66 
67 
68 
69 
70 
71 
72 
73 








ee a a 





. Fy c oe en .. Saat 
nee bt tee fe Bee Hats eet 


ee Be ae 


Pres 


ae « 
wee ee Lt, 


“45 | th 


dene age pen ee Seis ee eS. 
* 


“suaysks sixy *L aunbL 


apnzi3sy LepoW “© 





> . i 


oy 


. ” 
a . 


+ 


>- 


+ we; a 2 * “ Bib tah eye : ‘ Me Pees . 3 at aah 4 ah * 
peat RN ke age a eee ee ee a ag Rigen gh ty i aS ha Ee oe ee ean Mee cee 


ee Te ne ey 


Peay ie ree 





i> 


<j” 
ti 








*papnjouo) - “{ aunbLy4 


fi 
x 
rs) 


Sa}eULpA00) LapoW °q 1897 
3 002*SZ.T = *4 


I 


aensiet = 74 
oor es6zt = OF 


73 


ns —— 





<= =r ro 





os oa 
ad re 
l ee . 
|] s », 2 bas 7 7 x A se oh eo es > . 3 7 - . . oo et roe x 
2 4 ~ a = 





- t 
a - % 
LATYS zee - : ie aha Basa oe -~ + op ts Tee Bh ah si aS eh tie ea a alee Se eg oe a a ee ee ee es a el oe ae ae, 
at aia cgeree at neem gg Na ce gg ee te em ppt et ee ee oe eh et ey eee a i at a ee ae pe Site anes ane Ne ee ge. Un ae Lr ag ie Se at fp ann Sm aa a Ta Sty gg eg agi gt at am im st ney ally Be 


Sica ee a te 





ee 


a 
¢ 
> 
| 
t 
4 
Cu 
ba 


a (3tv3S 11Nd) 


Wee fT ee ONO TOR 


Ps 7] 
Mateo k we ts 


"Sayd}ayS Lapow - “2 aunbLy 
uoLzeunHijuo) Lesgusg ~e 


o°€ite = “x 


i 


9°686T = “2 


me ee 


oe ee ee ee ee 


wee ee ee eee oe ee a2 Mayet as fee 


TTY sa dew 1 Le Ie * Ms bhs. 28 PTTIIPR TOT TE TT Le Te ee ee eT ee ee ee Pe ee ee ee Pe Pe ee ee ee ee ee eee 


O° 
0° 002 


i 


l 











| 
| 


*panuiquo) - *2 sunb1y 


wine ae oe, os UOLPOID] BIDUeCNVBGNIOA, YUeL peuus yxy “q 


(“S°w ‘UL $6z°ZE) “Sta “UL seTesyet = 4747 ue] Teepe 


a 





| | | 
ft 660 | Ore ero $210 NTO 
cHe°0 '9€8°0 HOVLLY OMA WALIGHO SE7°O TONTSNVL La 


€€6°O = SINIOd ; —— ; 
ZONSONYL LIV TET'O §=LSE°O —_agz-q _ 


77 


“ —e a ru Ph ges ry pS pp PSS yp SSS sss sy se ppm or ee ee ——————e 
: ee es et | 
— ee - * 
—_ licks 
a ee ee e a 


Ae | 


{ 

{ 

i 
——we i | a. 


oo 


le 
ly 
| 





3TUQ eFeqsz94ur 





at Fgh 2 


gate: 


* 
ja = 
7 
> 


Pie ey ae 





. - ol - 
Pe ee tol Ce Se ad ed Sg ee 
i: : - a a 7 " 7 Ste ™ ear ae lt SO ana gprs? elt oe 08 eth cua 
DL i . sof wre J! : ' 7 i] 
fai b PAR a es ay : i Poi 
Man Py ‘| - Pee, ee Pi + te. »-$ 


iz - tas a dh s sm t eae . - pater nes sat Se 
gl eee. a Re eee, fe et et a a ee One te ee Seat 


ee = 








i me re > Se ee 





a= 
* or. wm 


“rSsnuiquo3 - “2g aunbl4 


SUDLZLID] sdUesIgGNIOAd gus “~- 
feo Sup TET°CE) “SF “UE O@°S2LT ~ Med Esl 


EE ET A SE 





ts poe 
wee a7 2 7 xe 3 
| | IL 





| | . . 0 
TrE°Q [See | _l.., €TT°O | 1[6T0°O 
or6°a 3f€3a°a 8 8=6— SS.L°O | TIT*O “947° 


€70°0 


ES a 





= od - ~ 
weanrg s 7 a ate. 
. Fs ~ a ae ce ey cnr +2 an rs nt a “os _ a ee eer " ar at * 
ee a ee a. a ee a a 2 age ml ae a a ea ee te ete kt tee Bm te Se ee cee Gee a ee, 


ee 


2 a 


* panul quo) - 


$uoize907} 3/1 9 


TL 


+ ote 


+o ed 


~ 


Y z 1 
ae eae |. . Z “ : . 5 
“ ‘ -* _ - ee “ow . eee — » sow ‘ a » 
- a * ‘ha! x = 2 : = 
ee Oe Le eee eS 


* as . ete te 


. 
P Be . at, a aS 
ae gm i eet ee yy et Atk 





-2 aunbiy 
SON 4921Gu4Q “Pp 


ONIM dIuL Uidnn 


€T 


79 


r4 


q 
4 
4 
4 


ae 








mm age, lt 


— 
— —— ree 
- 
ee 
=. Eat 
. 
- 
> — 


api ere ay See hee eed ee we Aes tae ceapes oc w- we oe eg eS re ee ee a ee a Se TS a er ee 


‘panutzuo) - *2 aunbly 


SUOLJEI0] 9/1 BdIeJUNS WAMOT UazLqQuO ‘a 


m 
m 
x 
“"~ 
of 
R 
off 
| 
" 
oh 
e& 


i 
sit 99T] SIT EGT TOT 
ee ¢ had + oF 
igt 9 o9t 
gt 
bast * x ig 
re ae ee ee Baty ae “ty "Met Loe yO gaa aie ne aa eee Tt ey et eee 
Sah Pore ed be hl ie OP. Ce en he ee a eld 








oa 


o8 
eh. 

oR 

a 

ef 
0 fe 
N 


Rhee ee 


| 
i 
1. 
1, 
| 





“ 
ny - 
es ars 
wee 

‘ 


- 
ata, a a ek Sankt bere oe A ae eos 
hdl Sea e ee : 
| EO be eed TOMBS siete SG Soe ped cdi 
abel) ik ok ae BB alsl ke beth fein fly ar oe 








eee ee ere eee Ca Meee onal tt he ere 


*panuiquo) - °2 aunbs4 


SUOLZRDO] 3/1 yUeL LeuuszXxgZ “JS 


SIA ZOIS 


6%L LU 
ae 2 i Tne ome meg ae Geen = - ~ OOS oH 
a ar.* ii WL ss a So SL WL sk BU ote ey os | 
7 WL WL UPL THE OL tv W< “ 
“443209 o 8 > 5 3 Ut lO hE TH o 
a OBL cvisercised My 5 5 Ob 6L oped 
TBO Heo ORY OL 
ae Pe OOAIHBHEHION 10 © OCO °o ° © 990 occ,” 
» #8 68 6 ° ° ° bog 2 eg soe o Ss. Ya Ae 
SW ---- ~~ 48 eae we 8 zse 068 sve gw ve ve 3 ove $i3- a 
e is : -*0¢6 + a 
MB= «UF ae ee Sees BB EBC, «RRO CBB 6igc = 8B OV dig” sd hs 
Re eRe sees Se ~$ ~—--$——— #8 25 42 a 
wo ee OES re) ~—O-- ---G - —3—----@-- - 8- 907" hie avivioad eo SO 99 e. 
- | at oom BES 5 << ee 1S) 69 reg | €t9 Tle = 99 gs 
4] , 


© be a) 
6 > 
te 


—~— aoe —— = 


ete 


° §° Ko 
Be Be Be 


g 


~ 
= 





Z 
Oa 
‘ 
8} 


(oOBT — SNITHRINID gL) a a 

pi sereniaraicestianarasiniii nesta @2 
ee eee ee ee 66 otis oe =. 

CoA TL oSigg O68 : 9 1068 r 668 0 48 oi © = CG ~ 


~ 

= t 

é ag ey  - --y ——-$g By oe ad 
° 





£% =% T% mete 

. od L496 ° “ et es 728% 
6797 O07 7" 7 {TY 0697 = -6¢90 gtgo u£9> 9€9 -: $€9> _- WG Dieu pei ea lagna “39 o 
9 


ro) 202.25 25 s / 5 = pe epi epee ory 
890° ° 692 2949 $635 Fo EL90 T1933! Pooestreltg ae 


9 
eee 2 $699. QD; 9 2 06929 >= ~ > Se9 
ee ee eae. en ae. re 


ae PES “ae 
wh Tel oe. 614 





2g. Ee 

’ y: Eo 
& 
5 





Be 3 

| me 
a: 
2 





| 





*. 


a. ou - £— .o . ae is 

a . = . + 7 . . - . Elet . tse 
ae tty et ke tet She le et pte Se gngee Seen te aS a ete SDL tag eae le ote eee en Sede Set ete ls ede eed Be By ele ee pet pen nl 
set fiat pete Ee et Seats ME A mats lent Prine Siig ge TL ta silent oe eo pet bat ey tree cy oe 1 Sed cet es Segal es 





a — 


— ae ee ee 


£ = 
ee ee tat ee 


*papny,ou0) - °2 aunbly 


SUOL2E907] BLdnodoWUaYy] gus °6b 


o°T 6°90 $°o £0 9°0 ¢°0 ¥°0 t*o z°o °o oo = RE 


TIT sei TIT 
OTT * L0et etet a Tw 


ee ios te cate nibs eoheees oaks 


= . - ~ -_ “6 
: - 7 al = | SCOT 
ZOOT Fer eae at gp egot a 
 GiGT “eoot eOQT 4agT  900T Sot vat cobT 001, ie ee Se 
OMT. 6ZOT BROT. ot ROT soot sik eat por an a4 ae beled. 
1 SOT Scot S01 ¢Sot zsot sot \ | 
gsot isol ¢ ¢ aot os ut a : 


€YoT | 
Tw 
HO sora 








Fa 
ot eo a 


6TOT MHL SYOT. - 


osee Het Os 
Tezt CL: 








ee 


-- © oar Tos v e 
o ra) 
eps d Bvt. 4 4901 wt 


F9OT 


BMOLS GUS LdF% 


: : - 7 a nde et a a a eros re ee er 7 & -« 
grant, os og 8 e be ee es eal . . . Dead |. free rn a ae + egy ta ae sali Oe 7 ae S 3 . 

ode ee a nce ae one ie me 5 i ae = a Gee ae ia er a 7 fa IS cst Ps 
a eth lett, tame g Opie, blue et et pete A teeter a tpt hoe mealet es patel eho een eileen Fein ee peel ee tag twine aa ath eae ap ate te ae 














a : i | | | 
| | ! | | : | 


a 


o 
9 


ryt 
“eo 
<5 


~ 
» 

a 

tet 


X 


s, Stings, and Tunnel Strut 


e 


Figure 3. - Model photographs. 





a. Overall Side View of Orbiter, ET, SRB 
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Figure 3. - Continued. 
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